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(57) ABSTRACT

An error amplification circuit amplifies an error voltage
between a reference voltage and an output voltage of the LED
current sensor. A control circuit controls the DC output power
so that the DC output power becomes a predetermined value,
by performing on-off control on a switching element based on
the output voltage of the error amplification circuit. The error
amplification circuit includes an error amplifier, a phase com-
pensation circuit connected between an inverting input termi-
nal and an output terminal of the error amplifier and having a
serial circuit of a phase compensation capacitor and a phase
compensation resistor, a gain adjustment resistor serially con-
nected at one end to the serial circuit and connected at the

other end to the LED current sensor, and a short circuit con-
figured to make the inverting input terminal of the error
amplifier grounded for a predetermined period of time after
activation.
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LED DRIVING DEVICE, LED LIGHTING
APPARATUS, AND ERROR AMPLIFICATION
CIRCUIT

TECHNICAL FIELD

The present invention relates to an LED driving device, an
LED lighting apparatus, and an error amplification circuit.

BACKGROUND ART

Preferably, lighting equipment is to light up as soon as it is
turned on. An LED lighting apparatus using LED elements
should desirably light up instantly, as well. The LED elements
are desired to start lighting up at most one second after the
activation of the LED lighting apparatus. Accordingly, also in
an LED lighting apparatus incorporating a converter, a con-
trol IC is required to start control of LED current within about
one second after the start of activation.

FIG. 1 is a diagram showing an example of a circuit con-
figuration of an LED driving device described in Japanese
Patent Application Publication No. 2010-282757. The con-
ventional LED driving device shown in FIG. 1 includes an AC
power supply AC, an EMI filter 1, a capacitor Cin, a rectifying
circuit DB, a transformer TR, a MOSFET (switching ele-
ment) Qin, a control circuit unit 10, a rectifying-smoothing
circuit constituted by a diode D1 and a capacitor C1, a capaci-
tor C3, and an error amplification circuit containing an error
amplifier OP. The LED driving device and an LED group load
device 3 (LED1, . . . LEDn) constitute an LED lighting
apparatus. A MOSFET Q1 and the control circuit unit 10
constitute a control IC 5.

The rectifying circuit DB is a known diode bridge circuit,
is connected to the AC power supply AC, rectifies AC input
power into pulsating current power in one direction, and
outputs the rectified power to the transformer TR. The trans-
former TR has a primary winding W1, a secondary winding
W2, and a tertiary winding W3. The primary winding W1 is
connected at one end to the rectifying circuit DB and at the
other end to a drain of the MOSFET Q1. The rectifying-
smoothing circuit constituted by the diode D1 and the capaci-
tor C1 is connected between both ends of the secondary
winding W2. An auxiliary power supply which is constituted
by a diode D2 and the capacitor C3 and which provides power
supply to the control circuit unit 10 after activation is con-
nected between both ends of the tertiary winding W3.

The MOSFET Q1 is grounded at its source via a resistor
Rocp, and connected at its gate to the control circuit unit 10.

A serial circuit of the LED group load device 3 and a
current sensing resistor Rd is connected to both ends of the
capacitor C1, the LED group load device 3 including n pieces
of serially-connected LED elements (LEDI1, . . . LEDn). An
inverting input terminal ofthe error amplifier OP is connected
to the current sensing resistor Rd and the LED element LEDn
via a gain adjustment resistor Rs. A serial circuit of a phase
compensation capacitor Cfand a phase compensation resistor
Rfis connected between the inverting input terminal and an
output terminal of the error amplifier OP. The phase compen-
sation capacitor Cf and the phase compensation resistor Rf
constitute a phase compensation circuit.

A serial circuit of a resistor R1 and a zener diode ZD1 is
connected to both ends of the capacitor C1. A serial circuit of
a resistor R3, a resistor R4, and a variable resistor Rv is
connected between both ends of the zener diode ZD1. A
connection point between the resistor R3 and the resistor R4
is connected to a non-inverting input terminal of the error
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amplifier OP via a resistor R5. A capacitor C2 is connected
between the non-inverting input terminal of the error ampli-
fier OP and the ground.

The output terminal of the error amplifier OP is connected
to a connection point between the resistor R1 and the zener
diode ZD1 via a serial circuit of a resistor R6 and a resistor
R2. The resistor R2 is parallel-connected to a photodiode of a
photo coupler PC.

One end of a resistor R7, one end of a resistor R8, and one
end of a capacitor C6 are connected to an FB terminal of the
control IC 5. The other end of the resistor R7 is grounded via
a capacitor C5, and the other end of the capacitor C6 is
grounded. The other end of the resistor R8 is connected to a
collector of a phototransistor of a photo coupler PC, and an
emitter of the phototransistor is grounded.

In the LED lighting apparatus thus configured, the control
circuit unit 10 turns on and off the MOSFET (switching
element) Q1 to thereby transform the rectified voltage from
the rectifying circuit DB into a high-frequency voltage and
generate a high-frequency voltage at the secondary winding
W2 of the transformer TR. This high-frequency voltage is
rectified and smoothed by the diode D1 and the capacitor C1,
and a DC voltage thus obtained is applied to the LED group
load device 3.

A current thereby flows through the LED group load device
3, lighting up the LED elements LED1 to LEDn. In this event,
the error amplifier OP amplifies an error voltage between a
voltage at the inverting input terminal and a voltage at the
non-inverting input terminal. A current according to the mag-
nitude of this amplified error voltage flows through the pho-
todiode of the photo coupler PC, and the amount of light
emitted by the photodiode changes according to the current
flowing therethrough. Thus, a current according to the
amount of light emitted by the photodiode flows through the
phototransistor of the photo coupler PC connected to the FB
terminal. In other words, a voltage according to a current
detected by the current sensing resistor Rd is fed back to the
control circuit unit 10, and the control circuit unit 10 controls
the duty cycle for turning on and off the MOSFET Q1 so that
the voltage according to the current detected by the current
sensing resistor Rd can become a predetermined voltage.
Further, the brightness level can be controlled by changing
the variable resistor Rv.

In the LED lighting apparatus shown in FIG. 1, even when
the AC power supply AC is turned off, the error amplifier OP
is not powered off instantly, because the amount of electric
charge in the capacitor C1 has a large amount of electric
charge and therefore requires a certain time to complete dis-
charging. To solve this problem, an LED lighting apparatus
shown in FIG. 2 is used.

The LED lighting apparatus shown in FIG. 2 is provided
with a diode D3 and a capacitor C7 in addition to the con-
figuration of the LED lighting apparatus shown in FIG. 1.
Moreover, one end of the resistor R1 is connected to a cathode
of'the diode D3 and one end of the capacitor C7, instead of the
connection point between the diode D1 and the capacitor C1.
An anode of the diode D3 is connected to an anode of the
diode D1 and one end of the secondary winding W2, and the
other end of the capacitor C7 is grounded. When the AC
power supply AC is turned on, a voltage generated at the
secondary winding W2 is rectified and smoothed by the diode
D3 and the capacitor C7, and a DC voltage thus obtained is
applied to the error amplifier OP. When the AC power supply
AC is turned off, the error amplifier OP is powered off
instantly, because the capacitor C7 has a small amount of
electric charge and therefore completes discharging instantly.
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Thus, the error amplifier OP is always reset at the power-off,
and thereby can avoid unstable operation when the AC power
supply AC is turned on again.

As described earlier, in the LED lighting apparatus, the
control IC is also required to start control of LED current
within about one second after the start of activation.

However, the LED lighting apparatus including a single-
stage PFC converter with a power factor correction function
in Japanese Patent Application Publication No. 2010-282757
has poor power-supply activation performance since the
apparatus is provided with the phase compensation circuit
which slows down the response speed of a feedback circuit for
feeding the secondary-side output of the transformer TR back
to the control circuit unit 10. Moreover, in a case where the
apparatus is provided with a brightness control function to
continuously change the brightness level, the start of lighting
is further delayed particularly when the brightness control
level is set to the minimum level.

The present invention provides an LED driving device, an
LED lighting apparatus, and an error amplification circuit
capable of shortening a time required to start LED-lighting.

SUMMARY OF INVENTION

An LED driving device of the present invention is an LED
driving device that transforms AC input power into desired
DC output power and supplies the DC output power to an
LED load, the LED driving device comprising: a switching
element configured to be subjected to on-off control; an LED
current sensor serially connected to the LED load and con-
figured to detect a current flowing through the LED load; an
error amplification circuit configured to amplify an error volt-
age between a reference voltage and a voltage which is based
on the current detected by the LED current sensor; and a
control circuit configured to control the DC output power so
that the DC output power becomes a predetermined value, by
performing the on-off control on the switching element based
on the error voltage amplified by the error amplification cir-
cuit. The error amplification circuit includes an error ampli-
fier, a phase compensation circuit being connected between
an inverting input terminal and an output terminal of the error
amplifier and having a serial circuit of a phase compensation
capacitor and a phase compensation resistor, a gain adjust-
ment resistor serially connected at one end to the serial circuit
and connected at the other end to the LED current sensor, and
a short circuit configured to make the inverting input terminal
of'the error amplifier grounded for a predetermined period of
time after activation.

In addition, an error amplification circuit of the present
invention comprises: an error amplifier; a phase compensa-
tion circuit being connected between an inverting input ter-
minal and an output terminal of the error amplifier and having
a serial circuit of a phase compensation capacitor and a phase
compensation resistor; a gain adjustment resistor serially
connected to the serial circuit; and a short circuit configured
to make the inverting input terminal of the error amplifier
grounded for a predetermined period of time after activation.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing an example of a circuit con-
figuration of a conventional LED driving device.

FIG. 2 is a diagram showing another example of a circuit
configuration of a conventional LED driving device.

FIG. 3 is a circuit diagram showing a configuration of an
LED driving device according to a first embodiment of the
present invention.
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FIG. 4 is a circuit diagram of a control circuit unit in the
LED driving device according to the first embodiment of the
present invention.

FIG. 5 is a diagram showing an operation waveform of
each element of the conventional LED driving device when
the brightness control level is 5%.

FIG. 6 is a diagram showing how a voltage is generated at
an inverting input terminal of an error amplifier via a phase
compensation circuit upon activation of the conventional
LED driving device.

FIG. 7 is a diagram showing an operation waveform of
each element when the error amplifier shown in FIG. 6 is
operated alone by an external power supply and a reference
voltage is changed from 300 mV to 15 mV.

FIG. 8 is a diagram showing an operation waveform of
each element when the error amplifier shown in FIG. 6 from
which the phase compensation circuit is omitted is operated
alone by an external power supply and the reference voltage
is changed from 300 mV to 15 mV.

FIG. 9 is a diagram showing a time required to start LED-
lighting in the conventional LED driving device having no
MOSFET Q3 which short-circuits the inverting input termi-
nal of the error amplifier.

FIG. 10 is a diagram showing a time required to start
LED-lighting of the LED driving device according to the first
embodiment having the MOSFET Q3 which short-circuits
the inverting input terminal of the error amplifier.

FIG. 11 is a diagram showing a time required to start
LED-lighting of the LED driving device according to the first
embodiment having the MOSFET Q3 which short-circuits
the inverting input terminal of the error amplifier and a MOS-
FET Q2, the gate of which receives a voltage of a large voltage
dividing ratio.

FIG. 12 is a diagram showing an ON duration of the MOS-
FET Q3 when the MOSFET Q2 is turned on after the MOS-
FET Q3 is turned on.

FIG. 13 is a circuit diagram showing a configuration of an
LED driving device according to a second embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

Next, with reference to the drawings, a description is given
of'an LED driving device, an LED lighting apparatus, and an
error amplification circuit according to embodiments of the
present invention.

The LED driving device and the LED lighting apparatus
according to the embodiments are characterized in that the
response of a feedback circuit which feeds a secondary-side
output of a transformer back to a control circuit on a primary
side is externally controlled only upon power supply activa-
tion, to thereby shorten a time required to start LED-lighting.

First Embodiment

FIG. 3 is a circuit diagram showing the configuration of a
LED driving device according to a first embodiment of the
present invention. The LED driving device shown in FIG. 3 is
characterized in having an N-type MOSFET Q3, an N-type
MOSFET Q2, and resistors R10 to R13, in addition to the
elements of the LED driving device shown in FIG. 2. The
MOSFET Q3, the MOSFET 2, and the resistors R10 to R13
constitute a short circuit of the present invention. This short
circuit makes the inverting input terminal of the error ampli-
fier OP grounded for a predetermined period of time after
activation of the LED driving device.
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A resistor R9 is connected at one end to one end of the
capacitor C7, to the cathode of the diode D3, and to one end
of'the resistor R1, and is connected at the other end to one end
of a capacitor C8. The other end of the capacitor C8 is con-
nected to the inverting input terminal of the error amplifier
OP, one end of the phase compensation resistor Rf, one end of
the gain adjustment resistor Rs, and a drain of the MOSFET
Q3.

One end of the resistor R10 and one end of the resistor R12
are connected to one end of the resistor R9, one end of the
capacitor C7, the cathode of the diode D3, and one end of the
resistor R1. The other end of the resistor R10 is connected to
one end of the resistor R11, a gate of the MOSFET Q3, and a
drain of the MOSFET Q2. The other end of the resistor R12 is
connected to one end of the resistor R13 and a gate of the
MOSFET Q2. The other end of the resistor R11 is connected
to a source of the MOSFET 3, a source of the MOSFET @2,
and the other end of the resistor R13.

To facilitate an understanding of the embodiment of the
present application, it is assumed herein that resistance values
of the resistor R10, the resistor R11, and the resistor R13 are
all equal to one another, and that a resistance value of the
resistor R12 is o times that of the resistor R10 (a>1).

FIG. 4 is a circuit diagram of the control circuit unit of the
LED driving device according to the first embodiment of the
present invention. The control circuit unit 10 includes a start
circuit 101, a power supply circuit (Pre Reg circuit) 102, a
current source 103, a triangular wave circuit 104, a PWM
comparator 105, an AND circuit 106, an overvoltage protec-
tion comparator (OPC comparator) 107, and a driver 108.

The start circuit 101 starts the control circuit with a voltage
from the capacitor C3. The power supply circuit (Pre Reg
circuit) 102 provides power supply to each element of the
control circuit unit 10 in response to a start signal from the
startcircuit 101. The current source 103 passes a current to the
resistor R8 and the phototransistor of the photo coupler PC
via the FB terminal.

The PWM comparator 105 generates a pulse signal by
comparing a triangular wave signal from the triangular wave
circuit 104 and a voltage at the capacitor C6 from the FB
terminal (feedback voltage), and outputs the pulse signal to
the AND circuit 106. The pulse signal is an ON-width signal
according to the feedback voltage.

The AND circuit 106 outputs the pulse signal from the
PWM comparator 105 to the gate of the MOSFET Q1 via the
driver 108. Thus, the MOSFET Q1 is turned on and off based
on the ON-width signal which is in accordance with the
feedback voltage, and thereby a switching current flows, the
switching current being in proportional to a sinusoidal volt-
age which has been rectified to AC. By this operation, power
factor correction operation is performed.

The overvoltage protection comparator (OPC comparator)
107 performs overvoltage protection on the MOSFET Q1 by
comparing a voltage at the resistor Rocp with a reference
voltage, and outputting L level to the AND circuit 106 to turn
the MOSFET Q1 off when the voltage at the resistor Rocp
exceeds the reference voltage.

Note that the LED driving device according to the first
embodiment is characterized in that the response frequency
of'the control circuit unit 10 is lower than the frequency of the
AC power supply AC.

FIG. 5 is a diagram showing an operation waveform of
each element of a conventional LED driving device when the
brightness control level is 5%. FI1G. 5 shows an output voltage
of'the error amplifier OP (OP-AMP OUTPUT VOLTAGE), a
voltage at the FB terminal, an LED current ILED flowing
through the LED elements LED1 to LEDn, and an output of
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the DB. When, for example, the reference voltage for the
non-inverting input terminal of the error amplifier OP is 300
mV and the brightness control level is 100%, in order to
reduce the brightness control level to 5%, the value of the
variable resistor Rv is reduced, and the reference voltage for
the non-inverting input terminal of the error amplifier OP is
reduced to 15 mV. As can be seen in FIG. 5, the LED current
ILED flows after a considerable amount of time passes since
the DB output is applied.

Further, since the LED current ILED flows less than one
second, the inverting input terminal of the error amplifier OP
is at 0V during that period, and the output terminal of the error
amplifier OP should be in an H level state. However, actually,
as shown in FIG. 5, the output voltage of the error amplifier
OP gradually increases.

A reason for this is described using FIG. 6. First, since the
LED current ILED flows less than one second, the inverting
input terminal of the error amplifier OP is at 0 V during that
period, and the output terminal of the error amplifier OP is in
an H level state. Then, a current flows in the following route:
the phase compensation capacitor Cf—the phase compensa-
tion resistor Rf—the gain adjustment resistor Rs—the current
sensing resistor Rd. Hence, a voltage is generated at the gain
adjustment resistor Rs and the current sensing resistor Rd,
and this voltage is applied to the inverting input terminal of
the error amplifier OP. The brightness control level is 5%, and
the reference voltage is as small as 15 mV. Thus, when the
voltage at the inverting input terminal of the error amplifier
OP reaches the reference voltage 15 mV, the output terminal
of the error amplifier OP becomes L level. For this reason,
even though the LED current ILED is 0, a seeming feedback
voltage is present, elongating a period until the LED elements
start lighting up.

Next, using FIG. 7, a description is given of an operation
waveform of each element when the error amplifier OP in
FIG. 6 is operated alone by an external power supply, and the
reference voltage is changed from 300 mV to 15 mV. The
reference voltage (denoted as ch4 in FIG. 7) is 300 mV on the
left hand and is 15 mV on the right hand. The reference
voltage chd increases gradually due to a soft start circuit
formed by the capacitor C2 and the variable resistor Rv, and
meanwhile, a voltage at the inverting input terminal of the
error amplifier OP (denoted as chl in FIG. 7) also increases
proportionally, and then, these voltages separate from each
other. The output voltage of the error amplifier OP is being
controlled while the reference voltage (ch4) and the voltage
chl at the inverting input terminal coincide with each other.

However, when the reference voltage chd is very small (15
mV for a brightness control level of 5% relative to 300 mV),
the FB signal becomes strong, so that the error amplifier OP
automatically starts its control. Note that, as shown in FIG. 8,
when the phase compensation circuit is omitted from the error
amplification circuit, the inverting-input-terminal voltage
does notincrease, and the output voltage of the error amplifier
OP rapidly rises.

As described above, when a current flowing into the phase
compensation capacitor Cf restricted by the phase compen-
sation resistor Rf flows through the gain adjustment resistor
Rsandtheresistor Rd onan LED current sensing resistor line,
the voltage at the inverting input terminal increases, and the
error amplifier OP automatically starts control when the volt-
age at the inverting input terminal coincides with a voltage at
the non-inverting input terminal. Thus, in order to shorten a
time required to start LED-lighting, a current loop of
Cf—=Rf—=Rs—=Rd needs to be controlled.

To control the current loop, the LED driving device of the
first embodiment is provided with the short circuit configured
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to make the inverting input terminal of the error amplifier OP
grounded for a predetermined period of time after the activa-
tion.

Next, with reference to FIGS. 3 and 12, a description is
given of operation of the short circuit constituted by the
MOSFET Q3, the MOSFET Q2, and the resistors R10 to R13.

First, when the AC power supply AC is turned on, an AC
voltage of the AC power supply AC is rectified by the recti-
fying circuit DB, and a voltage is generated at the secondary
winding W2 of the transformer TR. This voltage is trans-
formed into a DC voltage by the diode D3 and the capacitor
C7.

The DC voltage is divided between the resistor R10 and the
resistor R11, and the divided voltage is applied to the gate of
the MOSFET Q3. The DC voltage is also divided between the
resistor R12 and the resistor R13, and the divided voltage is
applied to the gate of the MOSFET Q2.

Since the resistance values of the resistor R10, the resistor
R11, and the resistor R13 are set to be equal while the resis-
tance value of the resistor R12 is set to be o times that of the
resistor R10 (c>1), the gate voltage of the MOSFET Q3 is
larger than that of the MOSFET Q2. Hence, the MOSFET Q3
is turned on before the MOSFET Q2 is (time t1 in FIG. 12).

Thereby, the inverting input terminal of the error amplifier
OP is short-circuited and grounded. In other words, the invert-
ing input terminal of the error amplifier OP becomes 0V, so
that the output voltage of the capacitor C1 becomes H level.

Then, when the voltage at the capacitor C7 increases and a
voltage obtained by dividing this voltage at the capacitor C7
between the resistor R12 and the resistor R13 exceeds a gate
threshold of the MOSFET Q2 (e.g., 2 V), the MOSFET Q2 is
turned on (time t2 in FIG. 12). Then, the gate of the MOSFET
Q3 is grounded, and therefore the MOSFET Q3 is turned off.
Thereby, the MOSFET Q3 is on during a period from time t1
to time t2 (which corresponds to a predetermined period of
time of the present invention). While the MOSFET Q3 is on,
the inverting input terminal of the error amplifier OP is O V.
Thus, the output voltage of the error amplifier OP maintains
the H level state. This allows the output voltage of the capaci-
tor C1 to rise rapidly, so that a time required to start LED-
lighting can be shortened.

FIG. 9 shows a time required to start L.ED-lighting in a
conventional LED driving deice with no MOSFET Q3. FIG.
10 shows a time required to start LED-lighting of the LED
driving device according to the first embodiment having the
MOSFET Q3 which short-circuits the inverting input termi-
nal of the error amplifier. In FIGS. 9 and 10, FB denotes a
voltage at the FB terminal, OP-AMP OUTPUT VOLTAGE
denotes an output voltage of the error amplifier OP, VLED
denotes a voltage at the LED elements LED1 to LEDn, and
ILED denotes a current flowing through the LED elements
LED1 to LEDn.

In the conventional circuit shown in FIG. 9, control is
performed with the inverting input terminal of the error
amplifier OP coinciding with the reference voltage, the output
voltage of the error amplifier OP gradually increases, and it
can be seen that it takes 1.5 seconds for the LED elements to
start lighting up. In FIG. 10 showing the first embodiment, the
output voltage of the error amplifier OP rapidly rises, and it
takes 0.8 second for the LED elements to start lighting up.
Thus, the time required to start LED-lighting can be short-
ened to less than one second.

FIG. 11 shows a time required to start LED-lighting of the
LED driving device according to the first embodiment having
the MOSFET Q3 and the MOSFET Q2, the gate of which
receives a voltage of a large voltage dividing ratio o (o>1).
The voltage dividing ratio a is a ratio between the resistance
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value of the resistor R12 and the resistance value of the
resistor R10. A large voltage dividing radio « elongates the
ON duration of the MOSFET Q3. Thus, the time required to
start LED-lighting becomes 0.51 second as shown in FIG. 11,
achieving a further reduction.

Note that, as shown in FIG. 12, the ON duration of the
MOSFET Q3 (which corresponds to the predetermined
period of time of the present invention) may be any period as
long as it ends before an output targeted for error detection of
the error amplifier OP (voltage at the inverting input terminal)
reaches a predetermined value (rated voltage VLED of the
LED elements, e.g., 30 V).

In this way, according to the LED driving device and the
LED lighting apparatus according to the first embodiment,
the short circuit constituted by the MOSFET Q2, the MOS-
FET Q3, and the resistors R10 to R13 makes the inverting
input terminal of the error amplifier OP grounded for a pre-
determined period of time after the activation of the LED
driving device. Thus, erroneous control of the error amplifier
OP can be prevented, drastically shortening the time required
to start LED-lighting.

Since the operation timings of the MOSFET Q3 are not
dependent on the soft start circuit on the primary side, but
based on the voltage at the capacitor C7 which is based on the
rising slope of the voltage at the secondary side. Thus, a
largest effect can be obtained when the brightness control
level is set to the minimum level, and no adverse effect is
obtained when a load current is large.

Second Embodiment

FIG. 13 is a circuit diagram showing the configuration of an
LED driving device according to a second embodiment of the
present invention. The LED driving device shown in FIG. 13
is characterized in having a zener diode ZD2 and a capacitor
C9 in place of the resistor R12 in the LED driving device
shown in FIG. 3.

A cathode of the zener diode ZD2 is connected to one end
of'the capacitor C7, the cathode of the diode D3, and one end
of the resistor R9, and an anode of the zener diode ZD2 is
connected to the gate of the MOSFET Q2, one end of the
resistor R13, and one end of the capacitor C9. The capacitor
(9 is connected between both ends of the resistor R13.

Afterthe MOSFET Q3 is turned on, a voltage at the capaci-
tor C7 further increases, and the zener diode ZD2 breaks
down. Then, the MOSFET Q2 is turned on, and the MOSFET
Q3 is turned off.

In this way, the LED driving device of the second embodi-
ment also offers similar advantageous effects to those offered
by the LED driving device of the first embodiment.

The present invention can provide an LED driving device,
an LED lighting apparatus, and an error amplification circuit
capable of shortening the time required to start LED-lighting,
since a short circuit makes an inverting input terminal of an
error amplifier grounded for a predetermined period of time
after the activation.

It should be noted that the present invention is not limited
to the LED driving device and the LED lighting apparatus
according to the first embodiment described above. In the
LED driving device and the LED lighting apparatus accord-
ing to the first embodiment described above, a DC voltage is
generated using the AC power supply and the rectifying cir-
cuit DB, and this DC voltage is transformed into another DC
voltage. However, the present invention may be applied, for
example, to an LED driving device and an LED lighting
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apparatus in which a DC input voltage of a DC power supply the error amplification circuit includes
is transformed into a desired DC input voltage and supplied to an error amplifier,
LED loads. a phase compensation circuit being connected between
an inverting input terminal and an output terminal of
What is claimed is: 5 the error amplifier and having a serial circuit of a
1. An LED driving device that transforms AC input power phase compensation capacitor and a phase compen-
into desired DC output power and supplies the DC output sation resistor,
power to an LED load, the LED driving device comprising: a gain adjustment resistor serially connected at one end
a switching element configured to be subjected to on-off to the serial circuit and connected at the other end to
control: the LED current sensor, and
> 10 g . .
an LED current sensor serially connected to the LED load a short circuit configured to make the inverting input
and configured to detect a current flowing through the term%nal of the error amplifier gr.oun.ded for a prede-
LED load; termined period of time after activation.

2. The LED driving device according to claim 1, wherein
the predetermined period of time is a period which ends
before an output targeted for error detection by the error
amplifier reaches a predetermined value.
3. An LED lighting apparatus comprising the LED driving
device according to claim 2.
4. An LED lighting apparatus comprising the LED driving
20 device according to claim 1.

an error amplification circuit configured to amplify an error
voltage between a reference voltage and a voltage which 5
is based on the current detected by the LED current
sensor; and

a control circuit configured to control the DC output power
so that the DC output power becomes a predetermined
value, by performing the on-off control on the switching
element based on the error voltage amplified by the error
amplification circuit, wherein L



